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Abstract
  Background Several studies have indicated a correlation between lumbar degenerative spondylolisthesis 
(DS) and increased sagittal orientation of the facet joints. Although the sagittalization of the lumbar facet joints 
is a major cause of DS, a majority of the studies of lumbar facets were performed in the axial plane. We tried to 
explore the spinal morphological characteristics by examining the axial, oblique and sagittal views in DS patients 
and compared these parameters to those of patients with lumbar spinal canal stenosis (LCS) and low back pain 
(LBP).
  Methods We analyzed 119 patients with various spinal dysfunctions. We divided them into 3 groups based 
-
oblique facet angle (OFA) and lamina angle (LA) in sagittal orientations.
  Results -
-slippage levels. In the 
oblique plane, the DS and LCS groups had a more horizontal facet angles than those of the LBP group. However, 
there was little correlation among the axial, oblique, and lateral planes (r = -0.11).
  Discussion and Conclusion In the axial plane, patients with DS had more sagittally oriented facets than 
orientations of the DS group were not sagittalized compared with those of the LCS group at the other 3 lev-
results showed that the sagittal orientation of the facet joints is more likely due to a secondary remodeling of the 
joint orientation rather than a pre-existing morphologic feature. Comparing the morphology of the facet joints 
among DS, LCS and LBP by measuring three different parameters, the facet sagittalization was the only character-
istic parameter related to DS in axial plane, whereas the changes in other planes (OFA and LA) may be due to 
aging.
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Introduction
 The degenerative process in facet joints is known to be 
affected by the stability of the lumbar motion seg-
ment. While facet joint orientation, facet joint osteoar-
thritis, synovial cyst and facet joint effusion have been 
considered to be associated with degenerative spondylo-
listhesis (DS), the precise etiology of DS is uncer-
tain1 . In particular, the outcomes of lumbar decom-
pression surgery with or without instrumented fusion for 
grade I DS are controversial3 . Previous studies have 
stated that the sagittal orientation of facet joints is one of 
the risk factors for DS in the axial plane5-9). However, 
the slippage stress could affect both the axial and sagittal 
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planes5)6). Since the facet joint surface is 3-dimensional 
and its orientation changes from cephalad to caudad, we 
measured the facet orientation of the axial, lateral and 
oblique views, and compared these angles within the 
groups of patients with DS, lumbar spinal canal stenosis 
(LCS), and young adult low back pain (LBP).
Materials and methods
 In this study, we performed a retrospective analysis of 
the lumbar facet angles in a sample of 119 patients with 
LCS or LBP. The patients were divided into the follow-
ing 3 groups based on the clinical and imaging 
-
-
1). All patients in the DS and LCS groups underwent 
surgery at our department. The facet angles were mea-
-L3 to L5-S1 levels.
level, and the patients had symptomatic LCS. Patients 
with trauma, inflammatory disorders, scoliosis of more 
than 10°, facet tropism of more than 10°, lumbar kypho-
sis or multiple operated back were excluded.
 The orientation of the axial facet joints (AFA) was 
measured on axial CT scans using the method described 
by Noren et al10), whereby a facet line is drawn between 
the anteromedial and posterolateral points of each 
facet. A midsagittal line through the disc was consid-
ered the sagittal line. The angle formed by the left (or 
right) facet line and the sagittal line was measured and 
recorded in degrees (Fig. -
aged to obtain the orientation of the facet joints. Simul-
taneously,  the oblique facet  angle (OFA)11) was 
straight line connecting the midpoints of the anterior and 
posterior vertebral cortices and a straight line positioned 
parallel to the facet joint on an oblique plane X-ray (Fig. 
1b). The lamina angle (LA) was defined as the angle 
between a line connecting the tip of the superior facet 
with the base of the inferior facet and a line connecting 
the midpoints of the anterior and posterior vertebral cor-
tices on a lateral plane X-ray11) (Fig. 1c). The images 
-
care) and radiography system (Toshiba, Japan). All the 
parameters have been measured once by first author 
(W.A.).
 This study was approved by the International Review 
Board of our institution. Statistical analyses were per-
formed using the Dr. SPSS II for Windows (standard ver-
sion). One-way ANOVA was used to analyze the dif-
-values 
less than 0.05 were considered to indicate a statistically 
significant difference. Values were expressed as 
mean±standard deviation (SD). The study was 
approved by the Ethics Review Committee of Tokyo 
Medical University (IRB No.1310).
Results
 The mean age of DS and LCS had significant differ-
ences compared with LBP, respectively (P<0.01) (Table 
1)
1) AFA
-
and LBP, respectively (P<0.01). The AFA of the DS 
-L3 
and L3-
were significantly smaller than that  of the LBP 
group. At the L5-S1 levels, the AFA was the same in 
2) OFA
differences at any of the levels. However, regarding the 
L3- -L5 levels, the OFA of the DS and LCS 
groups were significantly larger than that of the LBP 
group. At the L5-S1 level, the OFA was similar among 
all groups (Table 3).
Fig. 1
between the anteromedial and posterolateral points of 
each facet. A midsagittal line through the disc was con-
sidered as the sagittal line. The angle formed by the left 
(or right) facet line and the sagittal line was measured and 
recorded in degrees.
straight line connecting the midpoints of the anterior and 
posterior vertebral cortices and a straight line positioned 
parallel to the facet joint on an oblique plane X-ray.
-
ing the tip of the superior facet with the base of the infe-
rior facet and a line connecting the midpoints of the ante-
rior and posterior vertebral cortices on a lateral plane 
X-ray.
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3) LA
groups had a tendency to be larger than that of the LBP 
group, but we did not find any significant differ-
ences. At the L5 level, the LA was similar among all 
4) Correlations among AFA, OFA and LA
 There were no correlations among the axial plane, 
oblique plane and lateral plane in DS group (r = -
Discussion
Facet joints play an important role in stabilizing the 
segmental spine unit. With the onset of degeneration in 
the lumbar spine, increased stress is experienced posteri-
orly resulting in alterations in the mechanical properties 
of the facet joints - . Many studies have shown that 
the progression of DS slippage was affected by the facet 
morphology - . In order to determine the prognosis 
of DS or predict the outcome of non-fused decompres-
sion surgery, the facet orientation should be analyzed in 
detail. Previous studies focused on the facet shape only 
in the axial plane on CT or MRI. However, from the 
mechanical point of view, the information obtained from 
oblique and sagittal examination should also be consid-
ered. 
 According to previous studies, the predisposing factors 
of DS were identified as having sagittal-shaped facet 
joints, age, gender, lamina and oblique facet orienta-
tion -19). In the DS group, the articular facet joints of 
the lower lumbar vertebrae were more sagittally oriented 
than in the normal condition, thus facilitating their forward 
- . This study 
focused on the lumbar facet morphology by measuring 
axial, oblique and sagittal planes.
 Patients with DS had more sagittally oriented facet 
Table 1 Patient characteris
DS LCS LBP
N 39
*
Age (years) 66.6±10.1 35.5±10.3
*
*P < 0.01
Table 2 Facet angle on axial plane (AFA)
DS LCS LBP
*
-L3
* †
L3- 31.1±10.0°
* *
-L5 36.5±11.5°
* *
L5-S1
*P < 0.01, †P < 0.05
Table 4 Lamina angle on lateral plane (LA)
DS LCS LBP
*
L3
117.5±6.3°
L5
*P < 0.01
Table 3 Facet angle on oblique plane (OFA)
DS LCS LBP
†
-L3 97.6±3.5°
*
L3- 99.5±3.9° 99.5±5.5°
* *
-L5
†
L5-S1 103.0±6.9°
*P < 0.01, †P < 0.05
Fig. 2 Correlations in the degenerative spondylolisthesis (DS) 
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- -
results correspond with those of previous stud-
ies -
which had been 
defined as sagittal shaped AFA in a former study by 
White et al19). The facet angles (AFA) in the DS and 
LCS groups were smaller than those in the LBP group at 
facet sagittalization is also affected by aging .
 At the L3- -L5 levels, the facet joint angles 
those in the LBP group in an oblique plane (P<0.01 or 
P<0.05) (Table 3). These findings do not support the 
suggestion that the existence of a horizontal lamina and 
oblique facet lend a developmental predisposition to the 
occurrence of DS . In this study, the oblique facet ori-
entation revealed horizontalization in the DS and LCS 
groups, thus the horizontalization of OFA may be associ-
ated with changes in an aging spine.
 The LA has also been reported as an important factor 
in cases of DS , but there were no significant differ-
ences between DS and LCS at any level measured in this 
study, suggesting that horizontalization of LA may not be 
 The mechanism of morphological changes in facet ori-
entation remains controversial . According to Toy-
one et al  such spatial differences in the facet joints 
were part of the pre-existing morphology and not an 
independent secondary result of spondylolisthesis. On 
the other hand, Berlemann et al7) did not identify sagit-
tally oriented facet joints in 31 patients under age 35 and 
concluded that the sagittal orientation of facet joints was 
more likely due to a secondary remodeling of the joint 
orientation rather than a pre-existing morphologic fea-
ture. In the present study, sagittal facets were not 
observed at any level in the subjects of LBP group (Table 
was only observed at slippage level in DS, suggesting 
that changes in AFA are related to DS. Since this was 
not a longitudinal study, it was impossible to conclude if 
this change in AFA is a result or a cause of the DS.
 Our results demonstrated that both the facet sagittal-
ization in the axial plane and the horizontalization in the 
oblique plane were affected by the aging process, includ-
ing osteoarthritis which is one of the major spine condi-
tions in elderly people. The patients with DS and LCS 
were older than those with LBP (Table 1). 
 Our results revealed that the 3 different planes were 
-
nounced in the presence of DS. It was reported that the 
sagittally oriented lumbar facets facilitate the anteropos-
terior movement (flexion and extension of the spine) 
while limiting axial rotation . Considering this report 
and our results, sagittalization of AFA is associated with 
and characteristic feature of DS. It would be important 
to take the AFA into account when non-fused lumbar 
operations are performed to avoid the risk of slippage in 
future.
 This study has some limitations. The number of sub-
jects was relatively small, the study was not longitudinal, 
and the patients with degenerative scoliosis or facet tro-
pism were excluded. We had no access to the initial 
imaging data of patients with DS, as most of the patients 
took the radiographs on hospital visits, after the spinal 
vertebra slippage occurred. Moreover, to minimize 
radiation exposure we used images which had been taken 
at former clinical examination. This led to compare CT 
images with X-ray in the current study. Despite these 
limitations, we believe that the current results could con-
tribute to understand the morphological characteristics of 
DS at different planes. In future studies, the outcomes 
of non-fused surgical decompression surgery for DS 
should be evaluated.
Conclusion
Comparing the morphology of the facet joints among 
DS, LCS and LBP by measuring three different parame-
ters, the facet sagittalization was the only characteristic 
parameter related to DS in axial plane, whereas the 
changes in other planes (OFA and LA) may be due to 
aging.
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